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SONIC..SFEED, LIQUID IMPINGER FOR COLLECTING SAMPLES OF

MIGROBLYLCGTCAT, MATERIALS TROM ABROSOLS

Spocial Raport do. 9%
vemp Detrick, Meryiund

I. INTRODUCTION

The acquigition of a sarpler or samplers, for use in determinations of
the concontration, in perossls, of such widely varied materials as bacteria,
viruses, toxirg, and dye tracers was one of the first problems of the Aero~
wiology Bransh (forneriy Clowa-Chanter Project 1/, This Project was
arprovad by letter ¢f trarsmiitc) derted 3 November 1943, Chief of the Chemi-
ral Warfare Scrvize. Moot ¢f the experimental work on sampling was done
uander Prodect Snceificntion Number C8.2 during the period 1945-1947,

Among the spceiticntions congidered for the dosired sampler wered

1. The sampler cshould bo sultable for efficiently collecting
sampics of such varied muturials as bacteria, viruses, toxins,
and dyoc traccers over o wide range of concentrntions.

2+ Tho semple collccted must be suitable for quantitating;
that 1s, thc material must not bo degtroycd during or after
collection nnd it must not be rotained by tho sampler so that
it is not available for guantitating.

3. The sampler should bo such that it could be readily steri-
lizod or decontaminatod.

L. Thc sampler should require only a small porticn of the
flow or volume of atmosphere belng studicd.

5+« Tho sampling rate should be fixed, or oersy to regulate,
6. The gamplor should be small, available,and economicel
cnough to permit collcction of many (at least 25) samples

in s singlo experiment.

7+ Thc sampler should have o record of successful use.

“i egms
2/ Rosobury, T., ot al, 1947, Expcrimental Air-btorne Infection: Williams
& Wilkins Co., Baltinmoro, Md., 222 pp.




Many samplors had bee ed or proposed édf'usa in sampling air-borne
bactoria. Among such samplers, arranged according to their nmain operating
principle, were?, (1) Sodimontatica samplors- open Petri dish and Wel}s
alr ccntriﬁ go .2./; (2) filtraiion sanniers- suggr tube or asroscope 3/,
sand tube =/, cog7on filter, and filter paper .3/ ;(3) weghing samplers-
weter acrgscopo =/, bead butbler _(7 , atoniger butbier 2/, and Fclin-Lomon
bubbler 2/ }u) ingenens sanplers- CGroenburg-faith impinger 3} Porton_, ,
impinger 10 1}'_? , and sieve device 14

il , funnel dovice ;’;..?.7, slit sampler

ol — S
Sl VWells, W.F., 1933, Apparalus for the Study of the Bacterial Behavior of
Airt An. J. Pub. Health, 23, pp. 58-59.

3 Frankland, F.F,, 1886, A New Method for the Quantitative Estimation of
the Mieroorganisms Present in the Atmosphere: Roy. Soc. London, Phil,
Trons., Ser. B., 178, pp. 113-152.

Y Americsn Public Health Association, 1917, Final Report of Committec on
Standard Mcthods for the Exanination of -Air: Am. J. Pub. Heelth,7, p. 5i.

2 McConnell, W.J., and Thonas, B.G.H., 1925, Relative Vaslues of Methods of
Znunerating Bnctorin in Air: Pub. Henlth Ropts., 40, pp. 2167-2178.

1‘2/ Rettger, L.F., 1910, Rettger Hecthod of Dotermining Bacteria in the Air,
Using Salt Solution: J. Med. Research, 22, pp. 461-L68.

?/ Vncelor, .M., Foley, G.E., snd Jones, T.D., 1941, A Babbler Pump Method
for Quantitative Estirmations of Bacteria in the Air: Scicnce, 94, p. U5,

3/ Moulton, S., Puck, T.T., and Lenmon, H.M., 1943, An Apparatus for Dotormi-
nation of the Bacterial Content of Air: Sclence, 97, p. 51.

9 Lomon, .M., 1943, A Mothod for Colloction of Bactoria from Air and
Toxtilos: Proc. Soc. Bxptl. Bilol. and Med., 54, pp. 298-301.

10/ Honderson, D.¥W., and Woods, D.D., 1942, & Laborntory Apparatus for Setting
Up Bactorinl Clouds with a Roport on Exporiments with B, Anthracis:
Camp Detridk.Tech, LA®¥aty No. 1785+ - % -

1/ Sampling Devices: Impingers, from Dr. Fildos' "Bivle", 1943, Camp Dotrick
Teehs Library No. 3784, e

Hollaendcr, A., and DallaValle, J.M., 1939, A Simplo Device for Sampling
Air-borne Bactoria: FPub. Health Rep‘tg.;“:_.&’,w.'”gqu;sn'

13/ Bouraillon, R.B., Lidwell, O.M., and Thomas, J.C., 1941, A Slit Sampler for
Collecting and Counting Air-borne Bacteria: J. Hyg., U1, pp. 197-22k,

-1—1-"'/ du Buy, H.G., and Crisp, L.R., 1944, A Siove Device for Sarpling Air-borne
Microorganisms: Fub, Health Repgg, %9, pp. 829LE%R,




end (5) elecirostatic samplers- Berry funncl precipitator li/, Barnes-Ponnoy
dust count =2/ nnd weight 17] samplers, and G.E. eloctrostatic sampler _3?.
Moat of these samplers falled to meet onc or nmore of the preceding
spocifications for more or less obvious rensons. The open Petri digh sampl-
¢r cclleeted samples of the materinl thet scttled out of the air rather than
of the material in the air. The Wells alr centrifuge and the electrostatic
sanplers were too bulky for use in the avalladle space; too complicated and
sensitive for ready sterilization, ospecially by etcam; and too expensive
and of questlonanble availability in the number necded. The sugar in the
sugar tube could not be autoelaved rcadily. The sand tube, cotton filter,
filter paper, and other dry filters did not secm suitable because of the
possiblc harmful effect of alr passing over collocted bacteria and difficul-
ty in renoving collected material from the sampler. The atomizor bubdbler
wans rathor frogile. The funnol device, slit sempleor, and sicve devieo wore
dcsigned for collection of bacteria on an agar or solid media surface 127,
thus thoy were suitable only for the collection of bacteria forming countable
colonies.

The Porton impingor, a sonicespeed, liquid impinger, which had been
developed by British investigators for ssmpling microblologicel materials
in aerosols, sconud to comply best with the preceding specifications. This
inpinger was a slight modificention of impingers that had boon in gencral use
in the United States since 1922 by industrial hygienists for collecting
samples of unhygienic dusts from rorcsols EQ/. The sultability of thig
gampler was investigntocde The main changes nade in the doviee wered

vy Borry, C.if., 194L, 4n Electrostatic Method for Collccting Bacteria from
Alr: Pub. Health Ropts. 56, pp. 204L-2051,

16/ Barnos, E.C., and Penney, G,W., 1936, &n Electrostatic Dust Count
Semplor: J. Ind. Hyg. Toxicol., 1§, pp. 167-172.

17/ Barnes, B.C., and Ponney, G.W., 1938, in Electrostntic Dust Weight
Sampler; J. Ind. Hyg. Toxieol., 20, pp. 259-265.

18/ Luckiosh, M,, ct al , 1946, Sampling Air for Bactorial Content; Now
Mochanical Designs ond Applications of Electrostatic Fields: Gon.
Bloc. Rev., 49, pp. 8-17.

19/ Schnciter, RB., Dunn, J.E., and Caninitn, B.H., 1945, Studics in
Conncction with the Sclection of n Satisfoctory Culture Medium
for Brcterial Adr Sampling: Pub. Health Repts,,60, pp. 789-806.

29/ Brown, C.E., and Schrenk, H.H., 1938, A Tochnigque for Use of tho
Impinger lethod: U.S. Burepu of Mincs, Infornation Cireular
7026, 20 pp.




(1) Substitutior of resdily-svailable 125 ml. filtering flasks for the
stralght-wnll tube or dbottle-typo conteiners and (2) regulation and measurce
ment of thec sempling flow rate by drawing the maxinum flow through the
orificc instond of by maintaining a constant suction on the impinger.

“hig report contrins irformation on thc design of the final device
edoy ted and quantisative data on such operating ehicracterictics ast (1)
Rotintion of colieeted mntorial in tha intoke tube, (2) cffect of inping-
ing djictance on sanpling cfficiency, (2) coffect of sampling flows on sampl-
inz efticiency, nnd (%) cempling etficicncy.

Sampling cfficicncy, as used in this report, is the ratio, expressed
in per cent, of the material doternined to the nmaterinl actually prescnt in
the acrosol sampled. Thus,

Fal00ClfC e m v vt v e e e o = (1)
in which & = sampling offlcicncy, C!' = concentration cf material found,
and C & concentration of material actunlly present in the air. This differs
from collccting efficiency in that all material collected is not neccssari-
ly deternined. Tho sampling efficicncy ¢f nany inanimate naterials may be
closc to that of the colloeting efficlency, but the sampling cfficiency of
animato naterials such as bacteria may be nuch lower than that of tho colleet-
ing cfficicncy bocaugo of loss of bnctoria during or after sampling,

Somo of the information in this report hns been published in a mono-
graph on oxporimental air-bornc infoction £1/.

The information has been obtnined at irrcgular intcrvils since the
sbort of tho perobicloplenl progranm about December 1943,

II. DESCRIPTION OF IMPINGER

Tho fingl nodel of the impinger is shown in Figuro 1. The container
is a 125-nml, filtoring flnek, sclected becnuse of avallabllity, ruggcdness,
stnbility in resting on a surfnce, nnd possossion of n sido arm. The intako
tubo is o tubc 1 cm. in dismotor having n picce of capillary tubing 1 cm.
long scalod to its lower cnd. Such tubee ean be made ensily in the laboratory
or can be obtained from such companics as Fischer & Porter ot Hatboro, Pa.
The upper cnd of the intoke tube is bent at an angleo of Y50 to prevent ma=-
teriagl from dropping into the tube. The diameter of the capllliary tubing
uscd is one through which tho maximum or limiting flow is equal or closc to
tho doeired sompling flow. Approximato orifice dismoters for maximum or
sarpling flows from 1.3 to 12 liters per ninuto are giwen in Figurs 2,
Sampling flows of about 2.5 liters por minute have been the ones nost usged.

&2/ Roscbury, T., et al , Sce footnote 1.




.FIGURBJ 1
The 90nic~gpeed, liquig 1mingen, Negatiy, Yo, 7016
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Maximum or limiting flows are o hen the pressure downstream frgm the
orifice is 0¢53 (approximately helf) or less of the upstread pressure _2/,
The velocity of the air through the orifice under these conditions is the
meximum, that is, egual t0 the speed of sound; hence the name sonic~gpeed
for the impinger. This limiting-flow phenomenon eliminates the necegsity
for a flowmeter, thus simplifying the sampler. Thc intake tube is placed
in a rubber stopper that holds the end of the capillary tube or orifice
about 5 mm. above the floor of the flask. Tho tip of the orifice dips into
25 ml. of an sppropriate collecting liquid. Distilled water is conmonly
used in tho collection of stable material as phenol red {used as a dye
tracor) and the diluting liquid (used in making serial dilutions for plate
counts) in tho collection of biological materials. A few (about four

drops of olive oil may be used to control foaming of the impinger liquid.

The mechanism of collection of particulate matter by the impinger is
not undorstood fully. Tho high-velocity air stream from the orifico apparent-
1y: (1) Blows the body of the liquid away from the floor of the flagk d4i-
rectly undor the orificc, (2) atomizes some of the nearby liguid (3) causos
the particles and liquid droplets, from atomization, to impinge against the
floor of tho flask or against liouid, and (L) may cmuso the particles to be-
come charged. Efficicney of collection has been found to be about tho same
for such varied conditions as: (1) Location of tho orifice 20 mm. above
the top of tho quiet liquid lovel, (2) location of the orifico go that the
alr stream is directod parallol to the floor of the flask, and (3) location
of the orifico in 1ts usual position, 5 mn. above the flocr of the flask,
Efficiont - collection when the orifice is locatbéd 20 rm. above tho level of
the quiot liquid sccms to indicate that washing or bubhling through the
1iquid ig not an important part of the colleotion process. Tho efficlency
in sampling viable orgonisms docreased when the orifice was located 1 nn,
fron the floor of the flask, possibly because the air leaving the orifice
kept wntor away from the snmall space under tho orifice and some organisme
colloctod in this spnce worc destroyod by the passage: of rolatively dry
alr ovor thenm.

III. STUDY OF IMPINGER

The gtudios made on tho impinger werc: (1) Detornination of the por-
tion of tho collocted matorial retalned in tho intake tube of the impinger,
(2) study of thc offcet of the impinging distence or distance between the
bottom of the orifice and the floor of the flask on tho swmpling efficloncy,
(3) effcet of sampling flow rates on the sampling officlency, and (4) sompl-
ing cfficiency.

227 Porry, J.H., 1041, Chenical Engincers' Handbook: McGraw-Hill Book Co.,
Inc., Now York, 2d Ed., 3029 pp. Sec p. 8U7.
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Aerosols containing phenol-red p
Serratia marcescens alone or in comblnations were used in these studies.
hese aerosols were propared by continuous, constent dissemination of liquid
preparations of these materig}s into the air flowing through a modified
Reyneirs Germ-Free chamber

The 1iguid wsﬁ sprayed at rates near 0.9 ml, per minute by & peripheral-
alr jet atomizer into 100 liters of air per minute entering the 340~
liter chamber. Thus the material from 0.9 ml. of liquid was dispersed in
100 liters of airs The concentration of sprayed materisl or agent in the
resulting aerosol was calculated from the formulat

R I (2)
in vhich § = caleulated (not actual) concentration of sprayed material in the
air in units per liter of air, L = rate of spraying liquid into the air in
ml. per ninute, M = concentration of agent in liquid sprayed in units por nl,,
and V g air flow, liters per minute,into which liquid is sprayed. This value ,
5, is horeafter referred to as the calculated concentration.

The calculated concentration is used in calculating recovery, which is
defined for this report as the ratlo, expreseed in per cent, of the detormined
to the calculated concentration. The formula used for calculation of recov-

ery is:
Rz 100 C/S = = e om0 o e e e e m (3)

in which R = recovery in per cent, C! = determined concentration, as in
cquation (1), and S = calculated concentration, as in cquation (2).

The size of the particles, but not of the spores or the bacteria, was
varied by changing the concentration of one of the constituents (usunlly
dextrin) of the liguid disscminated. Tho sizc varied approximately with the
concentration of matorial in the liquid,

Particle size was dotermined by a cascade-impactor 35/ 35/ procedure,
Samples of the acrosols were drawn through cascade impactors contalning four
nozzles of decreasing size, a dry impingor, and n glass-wool filter. Fractions
of tho particulato matter of decroasing size werc removed on adhosive-coated
slides behind the nozzles, in tho adhesive-conted dry impinger, and in the
glasg=-wool filters. The masses of materinl in each
23/ Reyneirs, Jehe., 1943, Micrurgical and Germ-Free Tochniques; Their

dpplication to Experimental Biology and Modicine: C,C. Thomas,
Baitimoro, Md. 274 pp.

2&/ Rogebury, T., et al, Soe fcotnote 1.

2/ Green, H.L., and Stevenson, J.W,, 19L4l, Instructions for the ¥se of
te Cascade Impactor: Porton Rept. No. 1600, Camp Detrick Togh, Library
. Wo. 3782.

-

gé/ May, K.R., 1945, The Cascade Impactor, An Instrunont for Sampling
Conrse Acrosols: J. Sci. Instrumonts (London), 22, pp. 187-195.




size fraction~were then determined by a suitable procedure, The cumulative
per cents of the total of all material collected in the different fractions
were plotted on logarithmic~prodability paper against the previously de-
termined average size of material collected by the particular Jat or impinger.
The masg modian diameter, or MMD, is the HOeper cent value on such curves.
This value is the diameter of the particle at the mid point of the mass disge

tridutlon; half the mass is in particles having larger dismoters and the other

half in particles with smaller diamoters. The MMD& give no information on
the distridution or variation in sizs, but where the distributions are simi-
lar, as thcy apparently are in the particles from the atomizers used, they
arc important values for comparison. Distribution is shown by the ghapes
and slopes of tho logarithmic-probability curves. Fhenol rod in the sanples
wns determined by colorimetric procedurcs and microorganisms by standard
bactcricologicnl counting techniques.

A, BRetention of Collected Matorial in the Intake Tube. Retention of collcet~
ed material in tho intake tube of the impingor during the quantitating pro-
cedurc was investigated as a possible causc of significantly low rosults.
Impinger samplcg of S. marcescens and of B. globigii spores were used in
these studics. Tho intake tubes of the inpingers used for collecting these
samplos werc washed carefully with 10 ml, portions of gelatin diluent. The
nunbers of organisms rccovered in these portions were compared with the
numbers rocovered in 25 ml. of the game nedium in the impinger., Table 1
containg information on tho results of this study.

These results indicate that the portion of collected organisms re-
tained in tho intskc tube of the impinger during the quantitating procedurc
is too small to have any significant offect on the results.

Rocent tcsts with phenol red have indiented that only about 0.1 per
cont of thisg material is rctained in the intnke tube. Thus these results
are In general agreenent with tho preceding ones on organismse

B. Effcect of Imminging Distnnce on Snripling Efficicncy. The effcet of
impinging distance, or of the distance betweon the tip of the orifice and
the floor of the impingor flnsks on sappling efficiency, was studied.
Samples of phenol red and cf S. narcescens werce collected from the air

by implngers having tho usual 5 rn. irpinging distance and other impinging
distancess. The usual 25 ml. of liquid were used in all irpingers. The
depth of this amount of liquid in tho 125 ml., implinger flask is 7 mm.

Table 2 contains information on this study.

Thege results suggest that increasing the impinging distance to at
lenst 28 mn. in colleeting phenol red and to 45 mm, in collecting S. pore—
cegeeng has no significant effeoct on the sampling efficiency or final re-
sults.

Reduction of the impinging distance to 1 mm, or less in collecting
S. marcescens apparently caused a reduction in the sampling efficiency, as
dlscussed in the section on description of tho impinger.




Retention of Collected Material in the

TABLE 1

Intake Tubes of Impingers

Calculated total number
of organisms recovered

Organisms recovered

from from intake tube,
25 ml. gela-| 10 ml, gela- per cent of total

Material tin diluent | tin diluent organisms

sprayed Impinger in impinger | washings

gpg paBplod number fzog intake

: . ube
(1) (2) (3) (L) (5)

S marcescens

In distilled

water 50 h.z x 108 L x 103 o.ozi
60 Loy x 10 1.6 2 10 .00
65 L.9 x 108 ! 3.0 x 102 .0006
67 5.5 x 108 | 3.3 x 102 .006

i

S. marcescens 7 | 3

R RERIRR RS 100
66 35 107 ! o mt 2030
69 3.7 x 107 | 1.L x 10 0Ll

B. globigii !

spores in i

distilled {

water 13 2.5 x 108 1 1,7 x 03 o.ogg
oo | Jhxitlrerw |
68 2.8 x 10, P Leb x 105 ; .057
71 2.7 x 10; 2.7 x 105 ! .010
78 2.3 x 107 | 9.5 x 10 l .ol0

«10=




Bffoct of Impinging Distance on Sampling Efficiency

Rocovery,
v Inpinging i Concentration, ! or determined/
!Calcula.ted digtance or | number of or- , calculated
‘concentra- |[distance from| ganlsms or concentration,
Material itionm, mammg  orifice to ! gamma of per cent.
sprayed and | pewiiefr , floor of * material per (100 x col.
Nampiet . of air ; flask, mm. ‘ liter of air | W/col. 2)
&) @ (%) (5)
0.1% phenol , | i i
red and S, i | i ‘
marcescons | : i i
in distilled , .5 b6.99 I 78.8
water _i 0.887 : 10 i 7.08 1, 79.8
! : N 1
: f
0.05% phenol | | {
E_C_g._ rnd 8, } ; 5 50 u? f eo.u
marcesecns | . 18 { Ra 27 : 58.2
in 5% dox- | } 23 I 5.3 532
trin f Q. 906 | 28 i 26 ; 51.0
0.1% phenol | tog L476 ) 52,5
rod and S, P10 I ! 52,8
marecoseens in | 13 v L.g7 537
5% doxtrin 0.806 . ¢ 15 ; 52. 4
't : t
S._marcesceng ! e~ ; 5 ! 37 x ].O6 . -
in distillod | ! V3l x 102 ;
wanter ' ; . -5 X 106
! ! Ava a 3.8 x 10 l
{ : f
" - T L3 3 x 102 b e
" : L 3gx108
! . avo/z 3.5x 106
! H , !
- toy P27 x108 1 -
f#t H 3 ! 2.7 X 106
" ! : ' 3,6 x 108
" } i Avo,= 3.0 x 106 -
} , !
! ' @
S. marcescongi - ] 1.3 x1080 | .
in distilled , 1.0 x 106

water

1
]

[
H
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i
1
\
!
1

Legg than 1

Avo.2 1.5 x 106
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Tho preceding results are in general agreement with those showing that
variation of the impinging distance in the Greenburg-Smith impinger over the
range of 2 to 12 mm. had no signifiéﬁt effect on the sampling efficiency of
thig impinger for dusts and fumess

C. ZIEffe f Sampling Ratop on Sgmpling Efficioncy. The sampling efficiency
of the Greenburg-Smith impingor fo:‘ﬁ?uats and fumes increases with sanpling
rates up to the maximum flow rate + The campling officiency of the pre-
gsent impinger was studled to detormine whethor its officlency varies in a
sinilar way., Information on this variation wes obtained from gmples of
rhenol red, B, glodigit, and S, marcescens particulates collected by impingers
at differont sampling rates wp to a meximum flow rate of 10 litors per minute.
Such irpingers wero used instead of tho usual ones having maxinun flow rates
of about 2.5 liters por minute bocause the l0<iter~per-ninute ones were
about tho smallest ones for which flowe es low as 10 por cent of the maxinun
would be practical from the standpetinte of orifice diameter and sizo of
sample, The sampling rate or per cent of maximum flow for maximun sampling
efficlency, at least for Yhe l0=-litor-per-ninute impingers, was dotermined

in this study. In addition, the officicncies of impingors having naxinum
flows ronging from 1.3 to 16.5 liters per minutc were moasured at naxinun

flow, using phonol red, B. globigii, and S, marcescens.

Table 3 contanins information on this atudy of the offect of sampling
rateg up to the maximum flow rate on tho saipling efficlency of impingors
having naxinum flowe of 10 liters per ninute,

Two types of acrosols were used in thie study. Both types were pro=-
pared by spraying o llquid suspencion, at the rate of 0.9 nl. per ninute,
into 100 liters per minuto of air ontering the 340-litor Reyniors-chanber
epparatuss Tho susponsions used for onc typo consisted of distilled wator
containing 0.1 por cent phonol rod and heat-shocked B. pglobigli spores, The
suspensions used for tho other typo of aerosols consisted of £ per coent

golatin containing S. marcescensg.

Sets of two eimultancous samples werc colleceted for 10 minutes from
onch nerosol by impingors operating at 10, 30, 50, 70, ~nd 100 per cent
of the l0~-litermporeninute maximum flow. Sampling ratos bYelow the naximun
woro obtaincd by drawing tho maxinunm flow through socondary orifices located

21 Hatch, T., Warrcn, B., end Drinkor, P., 1032, & Modificd Form of tho
Groenbturg~Snith Impinger for Ficld Uge, with a Study of its Operating
Charnctoristica: J. Ind. Hyg., 14, pp. 308311,

28/ Drinker, P., and Haoteh, T., 1936. Industrinl Dust: MceGraw-Hill Book
Conpany, New York, 316 pp. Soe pp. 112-11k.
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downstream from the samplers. Xach impinger, used for colleeting samples of
phenol red and spores of B. globigii from the same aerosol, was followed by

a glass-wool filter to collect material passing through the impinger. The
phenol red end spores of B. globigii were detormined in each sample. Imping-
gers, used for collecting samples of 8. marcescons, were not followed by filter

semplers because of the low sampling (not collecting) efficioncy of such filters

for vegotative orgenisms.

Bvaporation of impinger liquid pasenge of alir through it for 10 min-
utes has been found to be ebout 0.05 (of the 25) ml. at 1 liter per minute
and 1.5 ml. at the maximun flow of 10 litors por minute. XHesults were not
corroctod for this cvaporation loss. Resulting errorg probably were snall
compared to other oncs.

The recovories of the difforont agents by tho impinger at the different
sexpling ratos are listed in Table 3 in colunns 4, 8, and 12, Figure 3 con-
tains curves showing tho reclation betwoon the sarmpling rates and the averages
of these rccoveries. The recoveries for both the phonol red and 3. globigil
gpores incrensed with sampling ratos up td the meximun flow rato as doeg e
sanpling officioncy of the Greenburg-Smith impingor for dust and fumes o

The recoverive of S. marcencens incressed with sanpling rates wp to at
loast 70 por cont of maximun flow and thon for scrno reason, possibly relatod
to destruction of thoso fragileo organliems by impect or passage of large
quantities of air over them, the rocoveries decreased with further incremse
in sampling rate.

Impinger officloncies or ratiocs, oxpressed in per cent, of the precoding
rocoverics to the corresponding recoverios at maxirum flow are listed in
colurns 13-15. Figuro 4 shows how thoso officioncies variocd with the sampling
rato.

The suris of the impinger and filtor recoveriocs are listod in colurms 6
and 10. 7Tho avorages of these valuos incroased with sampling rates. The in-
crense for phonol red was glow with rates up to at least 70 por cent of nmaxl-
nus but was ropid for higher rates. The incrense for the spores of B. globigli
was somowhnt erratic tut mpparently groator then for the phenol reds The
rongons for these increascs are not known btut nay have boon relatod to incroase
in the oveaporation of impinger liqulid with senmpling rate,

Inpinger officioncies, or ratios of impinger recovery (columns 4 and §)
t0 the eum of the roecoveries doternmined dby both the impinger and filter
(ecolumng 6 and 10), are listod in columns 7 aad 11. Figure 5 contains curves
showing the relation betweon the sampling rates and these efficienclies. Theso
curvos show the samo general trends as those in Figure 3 for impinger recover-~
ies.
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The procoding rosults indicate that the sampling efficlency of impingers
with a naxinunm flow of 10 liters per minute for phonol red and spores of
B, globipii increases with sampling rate up to the maximum flow rate and thet
the efficlency for S. marcencens_olso increases with the sampling rate up to at
‘least 70 per cent of the mwxlmusa Slows The decreass in sampling sfficiency
for S. murcescens at higher sampling rates probably is not important enough. to
Justify sampling at 70 per cent of maximum flow and using a flow meter rather
than sampling at the maximum flow where the use of a flow meter is unnecessary.

A ptudy was made to determine over what range ¢f maximum flow rates a
high sampling cfficiency is obtained. Impingers wi‘h orifices for maximum
flows in the fivy: £ lowlng rangest (a) 1.3 to 1.9, (b) 2.2 to 2.6, (c) 49
to 5.4, (&) 10,1 t3 20,6, and (o) 16.4 to 16.5 liters per mimute were used
in thig gtudy fo collect semples of phenol red, B. plobigii, and £. marcescens.
Zach agent was spiayed separately. Two sets of sampleg of phenol red gnd one
of Bs globigli and of 8, marcegcens were collected. Pairs of simultaneous
samples, with one exception, were collected of cach materiml at each sampling
range for 10 minutes. One sample instead of a pair was collected in the ex=
ception,

Table 4 and Figure 6 contain information on the results of this studye
The constancy of the volues for S. marccscens in this study over the whole
sampling renge, and the fair constaney of the values for phenol red and
B. globigii, at least up to sempling rates of 10 liters per minute indigate
that high scmpling efficiencies aro obtalned at maximum flow rates at least
up to 10 litors por minute and probably up to 16 liters per minute.

D. Spmpling Efficlency. Somo information on sampling efficiency has beon
given in the proceding studies described in thils report. More information,
obtainod by matorinl-bdalance and serles-gsampling procedures, is given in
this section. In the material=bnlance proecedure, the amount of material
determinod in tho alr by the impinger was compared with the difference
between tho total amount of matorial sprayed into the air and the smouwnt
dopositod on chamber surfacess In the sories-sampling procodurc, the amount
of materiel found in the alr by the impinger, followed in sories by another
cfficlont sompler, was compared with the total amount of nateriesl determinod
by both samplers.

1. UMatorinl-balence Studies. Table 5 contnins information on $hose
studies. Phonol red, the naterinl sempled, was eprnyecd from dlstilled water
containing 0.1 per cent phencl red and from O to 10 per cont dextrin
(colurn 2), used to vary tho sizo of the resulting particles (colunn 4),
Figuro 7 shows the variatisn of the sizec with the dextrin concentration in
the difforent exporiments. The amount of material deposited on chamber
surfaces during the icpinger sarpling porlod was dotormined, in two experi-
nents, from all the deposited matorial wished from the chamber surfaces into
2 litors of distilled water (column 5) and, in the other three cxperiments,
from material deposited on horizontal or horizontsl and vertical microscopo
slides (colwans 6 and 7). The per cent of natorisl deposited on the sur-
faces varied with the sizc of the particlos. Figure 8 contalns information
on this vnriation. The colculated per cont of materiel in the air during




TABLE 4

Sompling Efficiencies at Various Maximum Flow Rates

Calculated
concentration,
ganma of ma-

Rocovery s
_per cent

- -

i
torinl or no. % Maximum

Matorial of organisms flow rate, , § individu-  Avor-
sprayod and | per liter i liters i Impinger | al value , age
somplod of alr | per_minute ! number | :
(1) (2) 20 | W % (5 ;. (6)
Phonol red i 1.90 By 72.6 |
in distilled 1.86 v B§ 84.6 ' 7846
water 11.7 { ‘ '
2.56 P96 i 735 |
La.57 boge 73.5 | 73.5
[ ua bk 72.6 Z
5. 38 o 735 | 131
10.58 bk 735 i
| 10.37 ‘ 45 f 72.6 73.1
16.%0 D AT | 65.0 !
16.48 A E {6745 " 66e3
) '
| E 1 ¥
Phonol red 1.90 | B § 81.2 :
in dletillod 1.86 L B5 P 82,2 | Bla7
water 9.8 : § !
bo2.586 i g6 y 82.2 :
2.57 | 98 | 89.3 . 85.8
: 4,91 ok i oena
2 } 5.38 tC5 x 85.3 l 84,3
110.58 AL i g2.2
1037 | a5 l s0.2 Q 81.2
{16.10 j o Lb P73 i
16,48 © L1l o731 S 131

150




TARLE 4 (Cont.

Sempling Bfficicncies at Various Maximum Flow Ratecs

Calculated
concontrgtion,
lgamma, of ma-
ltorial or no. | Maximum Reoowery .-,
Material 'of organisms flow rate, er cen
sprayed and {poer liter liters 1 Impinger Individu- § Aver-
samplod iof alr per minute numbor al value. ) agc
ilf i (2) {3 (W) (5) { (6)
B. globigit | . 1.39 j ¢ 835
in distilled | 1.33 G 89.3 g6. 14
water 5 5,15 x 109 6 {
2.32 2 71.8
} 2.18 8l 8.4 79.6
: 5409 06 7 i
. {
‘ 10.37 . a5 m7 !
] 10.06 46 751 L 767
f j 160 Iy 66.0
i i 16,48 HER OB 1 6l4.1 | 65.0
%
S. marcoscons i 1.90 . 17.6 |
in 2% gelntin 2.0 x 107 to1.86 ' 85 13.1 SURN
; |o2.32 s 62 b 15.1 i
' f 2.18 Py 13.6 BURN
i ! i
! D o Lo |
t ‘ 5.38 i o 17.1 1546
? ; 10.58 I ay 13.6 1
i 1 10.37 A5 b 15. (14l
i : ;
; | 16.%0 ooy ? 15.1 '.
' ! 16,48 : L1l 5 16.6° “15.9
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ON SURFACES
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the impinger sampling period was determined by subtracting the per cent of
deposited matorial from 100 (column 8). The concentration of phenol red

in the air deternined by the impinger (column 9) was compared with the cal~-
culated concentration to determine the sampling officiency of the impinger.
A naterial balance botween tho amount of phenocl red spraysd and the amocunts
deposited on surfaces and present in the alr was obtained in this procedure.
The sempling officicencies ranged from 9l.2 t0 120.8 per cent and had an
average of 104,9 per cent. Thus, this absolute method indicates that the
impinger has a very high sampling efficlency for such particles. The
efficlencies apparently did not vary significantly with the size of the
particles (MMD's from 0.65 to 2,67 ) sampled.

2. Series-pamplipg Studieg. Table 6 contains information on these
studless Phenol red, Bs ploblgii, and S. marcescens were the materials
ugeds The phenol red and B. globigll were spreyed from the same liquids;

distilled water and 5 per cent fextrin (column 5). The particles from the

5 per cent dextrin suspension probably were mich larget than thése from

the distilled water as shown by Figure 7. S: marcescens was sprayed from

5 per cent dextrin. Impingers with maximum flow rate& of 245y 55 ar 10
liters per minute, followed in seriee by glass-wool-filter samplers; were the
sampling combinations used in most tests (columns 2 and 3). Glass-wool-
filter somplers followed in serics by 2.5-liter-per-minute impingers and

Moyl ton=Puck~Lemon atomizing-bubbler samplers, followed in series by 5
liter-per-minute impingers, wero combinations used in a few thsts.

Tho concentrations of sprayed material detormined by the first samplers
in the series are listed in column 6., The values in cach set (experiments
11-17,8, and 9) aro, with few exceptions, roasonably constant. Seome of the
variation probobly resulied from chengos in the conditions of the aerosol.
The valuc for the Moulton sampler in consccutive exporimont 11 (column 6)
is lower than the othor velues in this set, possibly becausc of a low sampl-
ing efficicney of this sampler for tho small particles. The corresponding
valuc for the Moulton sampler, in sampling the larger particles from the 5
per cent dextrin suspension (consccutive cxperiment 16), 1s in falr agrecmont
with the values from the other samplorn. The value for the glass-wool-filter
sampler in sampling B. globigil from n distilled-water susponsion (consecutive
experiment 26, column 3; is a littlo lower thon the other values in the get,
possitly not because of low collecting efficicncy tut bocause of retentlon
of the collected orgnnisms by the filter in the washing process. The value
for tho glass~wool-filter sampler in sampling S. marcoscenw from a 5-per cent
dextrin suspension (consecutive experiment 36, column 6) is much lower than
the other values in the sot, possibly for the same reason, that is, retention
(or destruction) of the collected organisme by the glass-wool-filter,

All tut one of tho sampling efficlencies of the first sampler in each
series (column 8) were well over 90 per cent. The low value, 83 per cent,
is the one for the sempling efficiency of the Moulton sampler for phenol red
in smell particles (consecutive experiment 11, column &),

These high sampling efficienclies are in pgreemont with those obtained in
tho prceceding materisl~balanco studies and with those obtainod in studies on
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the sampling efficlencies of various impingors for dust and fumes 30/ 3/ 32/,

ﬂ Drinker, P., and Hatch, T., See footnote 28,

3/ Littleficld, J.B., Foicht, F.L., and Schrenk, K.H., 1938, Efficiency of
Inpingers for Collecting load Dusts and Fumes: U.S. Bureau of Mincs

Ropt. of Investigations 340L, 9 pp.

32/ Lodingham, J.M., 1943, The Bfficioncics of Impingors and Fibdre-Glass
Pilters in the Sampling of Particulatoc Cloudst! .B.D.,P. Rept. 7,

(Porton). Camp Detrick Toch. Library No. 3783,




A

A sonic-spoed, liquid impinger used ~in collect=
ing samplss of particulaste matter (containing such materials as bacteria, dye
tracers, toxins, and viruses) from aerosols is deacribed.\

This sampler coneists of a 125-ml. filtering flask céntaining an intake
tude held in place by a rubber stopper with the lower -énd of the tube 5 mm,
from the floor of the flaske The intake tube is ube 1 em, in dismeter
having a pisce of cepillary tubing sealed to.its lower end. The diemeter of
the cgpillary tube or orifice is such tlgat"'/the maximum flow, or the flow at
which the velocity of air through the.-orifice is the same as that of sound,
ie the desired sampling rate. Twenty-five ml, of a liquid suitable for hold-
ing the particulate matter to Ye sampled is used in the impinger.

The portion of tho collected material retained in the intake tube during

the usunl quantitating procedure was found to be too small to Justify &
special remoyal proceduroc. ’

Variation of the impinging distance aover wide limits (from 2 to 45 mm,)
was found to havo no significant offoes on the sampling efficiency.

Sampling cfflicicncy, at loast for phonol rod and spores of B. globigll,
wns found to increasc with flow up to the maximum, High sempling efficlencies
wore found at maximum flows ranging from 1 to 16 liters per minute.

Sampling officloncy was found t0 be high (woll over 90 per cent) by

\

material~balonce and series-snmpling procodurces.
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V. RESPONSIBILITY

This report was preparsd by C.E. 0!'Bryon.

Proliminary drafts of %his roport by T. Rosebtury, M. Boldt, and
E,L. Noff, Jr. and of a review of samplers by R.3, Porter were used in
the proparation of this report.

Assistance dn the oditing of this roport was given by C.E. Brown.
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